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• Forest Structure 

• Most work done with Lepidoptera 

• Lower abundance & diversity associated 
with greater disturbance 
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over the forest landscape? 



Further, what prey are available? 
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occurrence & changes in forest structure 
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Investigate trends in the foraging ecology 

of Myotis as it relates to insect 

occurrence & changes in forest structure 

due to prescribed fire 
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• Historic & current roles in eastern North America 
• Maintenance of forest type, oak regeneration 

• Modern prescribed fire ~ pre-fire suppression   

• Reduction of fuel loads 

• Aesthetic tool 

Fire in the Central Hardwoods 





• Species-specific study at the Daniel Boone NF 

• Expanded, community-level study at Mammoth Cave NP 



• Species-specific study at the Daniel Boone NF 



•Radio Telemetry 

 
 

Figure by Joe Johnson; pg. 95 in Lacki et al. (2007) in Bats in Forests;  
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Photos by Allison Barlows, Tracy Culbertson, Luke Dodd & BugGuide.Net 
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Insect Occurrence 

DBNF, 2006-07 
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• Higher use of burned sites for foraging… 

• Correlated with reduced forest structure 

 (despite Myotis being clutter-adapted spp.) 

• Increases in prey occurrence (?) 
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• Expanded, community-level study at Mammoth Cave NP 
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• Preliminary analysis 
• Log transformed data 

• Two-Factor ANOVA 

• Burn vs. unburned 

• Sampling interval 

• Tukey’s HSD 
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Low Freq. F5,191 = 2.31 

A B a b 



Results 
MCNP, 2010  

 

Main Factor within ANOVA; differences at P < 0.05 

A B a b A a 



Results 
MCNP, 2010  

 
• Activity varied with burn effect 



Results 
MCNP, 2010  

 
• Activity varied with burn effect   

• High frequency activity likely reflects habitat use 

by clutter-adapted Myotis in unburned sites 



Results 
MCNP, 2010  

 
• Activity varied with burn effect   

• High frequency activity likely reflects habitat use 

by clutter-adapted Myotis in unburned sites 

• Counter to previous study, yet follows 

predictions based on ecomorphology… 
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Main Factor within ANOVA; differences at P < 0.05 

* * ** 

Total  F5,66 = 38.0 

Lep. F5,66 = 39.6 
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• Insect occurrence varied with burn effect 

• Results counter to previous study 

• Relationships to vegetation  

• Relationships to resource base 

Results 
MCNP, 2010  
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• Multi-year 

responses 

• Predator 

• Prey 

• Vegetation 
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Survey Transect,  

2010-2011 (& onward) 
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Methods 
LiDAR Mapping 



• LiDAR = “Light Detection and Ranging”  

• Discrete-return scanning LiDAR1 

• 900-1,600 nm wavelength 

• > 4 pulses / m² 

 
1Skowronski et al. 2007. Remote Sensing of Environment 108: 123-129. 

Figure by 

Renslow  
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• LiDAR = “Light Detection and Ranging”  

• Data collected Oct 2010 (leaf-off) via fixed-wing aircraft 

Figure by 

Renslow  

Methods 
LiDAR Mapping 
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Methods 
LiDAR Variables 

15 m  

• Laser returns across over-,  

 mid-, & understory strata1 

•15 m radii around survey points1 

1Lesak et  al. 2011. Remote Sensing of Environment 115: 2823-2835 

punder 

pmid 

pover 



Methods 
LiDAR Variables 

• Strata 
• Over-, mid-, & understory 

 

• Determining canopy shape 
• Mid:Over, Under:Mid, & Under:Over 

 

 
 

 

 



Methods 
LiDAR Variables 

• Strata 
• Over-, mid-, & understory 

 

• Determining canopy shape 
• Mid:Over, Under:Mid, & Under:Over 

 

• Gap Index 
• Percentage of pixels with no laser returns >3 m height 

 

 



• Today’s talk… Canonical Correspondence Analysis 
• Standard ordination techniques following ter Braak1 

• PC-ORD v. 4.25; default settings; 300 iterations 

 

 

• Future… Predictive models & landscape maps 

  

 1McCune & Grace. 2002. Analysis of Ecological Communities. MJM Software Design 

Analysis 
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• “Inertia” of the data: 0.82 

Forest canopy structure ≠ 

Foraging efficiency of bats? 
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Results 
Insects + LiDAR 

• 1st Axis (P ≤ 0.05) 

• 11% variation explained 

• “Inertia” of the data: 1.03 

Lepidoptera tied to 

understory vegetation… 
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   forest canopies; not so for low frequency echolocators  
 



Discussion & Implications 
 
• High frequency echolocators positively associated with cluttered 

   forest canopies; not so for low frequency echolocators  

•Insect groups variable in their relationships to canopy structure 
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Photo Courtesy of Marvin 

Moriarty, USFWS  

• Changes during staging & swarming 

• Critical to understanding WNS; 

immediate & long-term impacts 

Bat Body 

Condition 



Methods 
Harp-Trapping 
 



• Forearm (± 0.01 mm) 

• Weight (± 0.01 gram) 

• Body Condition Index1 =         

Weight/Forearm (g/mm) 

Methods 
Body Condition  
 

1 Pearce et al. 2008. Acta Chiropterol., 10: 153-159.  
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• Total capture of 168 bats 

• Corynorhinus rafinesquii (2) 

• Eptesicus fuscus (2) 

• Myotis leibii (4) 

• M. lucifugus (10) 

• M. septentrionalis (118) 

• M. sodalis (4) 

• Perimyotis subflavus (28) 

 

No models significant for 

effects of sample interval 

or sex (P > 0.05) 
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 • Three surveys: August 23rd, 

September 13th, & 21st   

• Total capture of 260 bats 

 



Swarming Results 
 
 • Three surveys: August 23rd, 

September 13th, & 21st   

• Total capture of 260 bats 

• Myotis leibii (3) 

• M. lucifugus (17) 

• M. septentrionalis (63) 

• M. sodalis (10) 

• Perimyotis subflavus (167) 

 



Swarming Results 
Myotis 
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• Strong differences for 

Coleoptera & Lepidoptera 

• Variation in Diptera; 

consistent resource for bats? 
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Implications 
 • Continued investigation 

of body condition in 

relation to prey trends 
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Implications 
 • Continued investigation 

of body condition in 

relation to prey trends 

 

• Baseline data for  

testing hypotheses 

• WNS 

• Sex 

 


